A group of 89 smear-positive sputum specimens were evaluated by radiometric and standard plate procedures to determine the methodology which would provide the earliest detection of mycobacteria and maximum test sensitivity. Digested non-decontaminated specimens were concentrated and inoculated into modified selective BACTEC radiometric 7H12 broth and Mitchison selective 7H10 agar. Sodium hydroxide (1.5% final concentration) was then used to decontaminate these specimens. They were then concentrated and inoculated into both selective and nonselective 7H12 radiometric broths and into selective 7H10 and nonselective Middlebrook 7H11 agar media. The specimen processing and media combinations providing the earliest detection were non-decontaminated specimens with modified selective 7H12 BACTEC broth and decontaminated specimens with 7H12 BACTEC broths. Maximum sensitivity (percent positive) was obtained by using non-decontaminated specimens on Mitchison selective 7H10 Agar (98%) or decontaminated specimens in 7H12 BACTEC broth (95%). The decontamination process was found to reduce significantly the number of mycobacteria in clinical specimens, particularly the mycobacteria other than Mycobacterium tuberculosis. The specimen processing-media combinations providing the earliest detection and maximum recovery of mycobacteria (100%) were non-decontaminated specimens with modified selective 7H12 BACTEC broth or Mitchison selective agar and decontaminated specimens with 7H12 BACTEC broth or 7H11 agar.
A group of 89 smear-positive sputum specimens were evaluated by radiometric and standard plate procedures to determine the methodology which would provide the earliest detection of mycobacteria and maximum test sensitivity. Digested non-decontaminated specimens were concentrated and inoculated into modified selective BACTEC radiometric 7H12 broth and Mitchison selective 7H10 agar. Sodium hydroxide (1.5% final concentration) was then used to decontaminate these specimens. They were then concentrated and inoculated into both selective and nonselective 7H12 radiometric broths and into selective 7H10 and nonselective Middlebrook 7H11 agar media. The specimen processing and media combinations providing the earliest detection were non-decontaminated specimens with modified selective 7H12 BACTEC broth and decontaminated specimens with 7H12 BACTEC broths. Maximum sensitivity (percent positive) was obtained by using non-decontaminated specimens on Mitchison selective 7H10 Agar (98%) or decontaminated specimens in 7H12 BACTEC broth (95%). The decontamination process was found to reduce significantly the number of mycobacteria in clinical specimens, particularly the mycobacteria other than Mycobacterium tuberculosis. The specimen processing-media combinations providing the earliest detection and maximum recovery of mycobacteria (100%) were non-decontaminated specimens with modified selective 7H12 BACTEC broth or Mitchison selective agar and decontaminated specimens with 7H12 BACTEC broth or 7H11 agar.
Rapid detection and drug susceptibility tests of mycobacterial isolates have been achieved with radiometric methods which use BACTEC instrumentation (Johnston Laboratories, Cockeysville, Md.) (2, 3, 4) . Since many laboratories currently possess this instrumentation, it is possible to improve mycobacteria diagnostic services without major organizational changes.
However, although the basic methodology for the radiometric detection of mycobacteria has been elucidated, there are few data available regarding the manner in which this system should be implemented to obtain the earliest detection while simultaneously achieving maximum recovery of mycobacteria. Therefore, the effects of the decontamination process, isolation media, and media combinations were evaluated.
MATERIALS AND METHODS
Eighty-nine sputum specimens, positive for acidfast bacilli by fluorescent auramine staining (FAS) (1, 6) , were obtained from patients treated for mycobacterial infections at Fitzsimons Army Medical Center, Aurora, Colo., or National Jewish Hospital and Research Center, Denver, Colo. All organisms were identified by means of currently recommended methods (1, 6, 8) , and when appropriate, Schaffer agglutination studies were performed (7) .
The specimens were processed as outlined in Fig. 1 by using currently recommended methods (1, 7, 9); however, Sputolysin (Calbiochem-Behring, La Jolla, Calif.) was used as the mucolytic agent, centrifugation was performed at 2,400 x g for 30 min, and the specimens underwent concentration procedures both before and after decontamination with NaOH. After treatment with Sputolysin, the specimens were again centrifuged at 2,400 x g for 30 min. The digested/nondecontaminated sediment was then suspended in 4.5 ml of sterile distilled water and inoculated to the slide and media indicated in Fig. 1 . The remaining portion of the sediment was then subjected to standard decontamination procedures by using 1.5% NaOH (final concentration), and after processing, they were inoculated into the prescribed media.
For the FAS procedure, 1 6 Mycobacterium intracellulare, 6 Mycobacterium avium-M. intracellulare complexes, 5 M. avium, 8 Mycobacterium kansasii, and 8 M. fortuitum were isolated. slowly growing mycobacteria. After 7 days of incubation, the radiometric broth combinations providing the highest detection rate were nondecontaminated specimens in modified selective 7H12 BACTEC broth (78%) and decontaminated specimens in 7H12 BACTEC broth (68%), whereas for the same period, the plate providing the earliest detection rate was non-decontaminated specimens on selective 7H10 agar. Figure  3 presents the detection time data for eight isolates of rapidly growing M. fortuitum. After 72 h of incubation, the non-decontaminated specimens in 7H12 BACTEC broths detected 88% of the M. fortuitum specimens, whereas the remaining radiometric broths detected all the M. fortuitum. After 7 days, the plate media produced results comparable to those observed with the radiometric broths. Table 1 summarizes the sensitivity (number of positive specimens) for the various specimen processing-media combinations. The radiometric broth and nonradiometric medium providing the highest recovery rate were non-decontaminated specimens on selective 7H10 agar (98%) and decontaminated specimens with 7H12 BAC-TEC broth (95%). The lowest recovery rate was obtained when decontaminated specimens were used with selective 7H10 agar (83%). Non-decontaminated specimens inoculated into radiometric broths resulted in a 10%o contamination rate.
Identification of the 29 contaminants encountered in the study indicated that there were 9 Enterobacter cloacae; 6 Pseudomonas maltophilia; 3 Klebsiella pneumoniae; 3 Serratia marcescens; 2 each ofBacillus sp. and Staphylococcus epidermidis; and 1 each of Streptococcus faecalis, Streptococcus viridans, Aspergillus fumigatus, and Pseudomonas stutzeri. The minimal inhibitory concentration drug susceptibility test data revealed that 98% of the contaminants isolated were sensitive to one or more of the drug concentrations present in the selective media. Figure 4 depicts the effects of the decontamination process and isolation media upon the number of mycobacteria recovered from the clinical specimens. Before decontamination with NaOH (Fig. 4a) , 56% of the M. tuberculosis specimens produced colony counts greater than 200, whereas after decontamination counts greater than 200 were significantly fewer. This was particularly evident when decontaminated specimens were inoculated on selective 7H10 agar (33%). In addition, the percentage of specimens with counts of less than 25 increased from 8% to 35%. For specimens containing mycobacteria other than M. tuberculosis (MOTT bacilli, Fig. 4b ), similar but even more dramatic reductions in plate counts were noted.
Decontamination processing also affected FAS results (Table 2 ). Before decontamination, 66.7% of the specimens demonstrated numerous FAS results, but after decontamination, only 35.6% produced these data. Only 1.2% of the specimens were negative before decontamination but 16.6% were negative after decontamination processing. The effect of decontamination processing was evident for both M. tuberculosis and MOTT bacilli, but the MOTT bacilli were again affected more severely by this process. Before decontamination, the MOTT bacilli-containing specimens had no FAS negative results, and 19 of 33 specimvns had numerous orga- .2) 8 (9.5) 8 (9.5) 11 (13.1) 56 (66.7) 14 (16.6) 14 (16.7) 5 (6.0) 21 (25) 
DISCUSSION
The methodology presented in Fig. 1 was used because plate media can support a greater test inoculum. The BACTEC radiometric broths were limited by their smaller media volume, and less inocula were required. In addition, preliminary studies revealed that the use of greater than 0.1 ml of non-decontaminated inocula with BACTEC broths resulted in high levels of contamination. The use of smaller volumes of inocula with the various radiometric broths did not appear to reduce significantly the ability of these media to provide early detection of mycobacteria.
The media presented in Fig. 2 and 3 were evaluated at different time intervals based upon currently accepted practice. Routinely, plate media are read weekly, whereas the potentially more sensitive radiometric broths required daily examination. Although this procedure may have delayed the detection of the M. fortuitum, after 72 h of incubation the 7H12 BACTEC broths had detected all of the isolates while the plate media detected only 75% after 7 days incubation. Since the vast majority of mycobacteria require considerably longer incubation periods than M. fortuitum, daily reading of plate media would not significantly improve detection, and this practice would be costly in terms of both time and money. Daily reading of radiometric broths, however, can be facilitated by automated BACTEC instrumentation.
The data presented in Fig. 2 and 3 revealed that the media providing the earliest detection of the slowly and rapidly growing mycobacteria were the modified selective and nonselective 7H12 BACTEC broths. With the heavy smearpositive specimens used in the study, the radiometric broths had a detection rate after 7 days of incubation of approximately twice that of the plate media. For slowly growing mycobacteria, the use of decontaminated specimens with selective media markedly prolonged detection times and provided fewer total positive results. This observation was not evident for the M. fortuitum specimens, but this might be attributed to the smaller number of specimens in this group and the high number of organisms present in the specimens. It also should be noted that although the use of radiometric methods resulted in 65 to 78% positive specimens by 7 days (Fig. 2) , the sensitivity of the various plate media continuously improved so that by 3 weeks the use of routine media resulted in more positive specimens. The test sensitivities of the various media are presented in Table 1 .
The plate count data found in Fig. 4 correlated with the observations in Table 2 . The use of selective 7H10 agar with decontaminated specimens containing M. tuberculosis clearly resulted in lower plate counts (Fig. 4a) . For the MOTT bacilli (Fig. 4b) , this shift after decontamination was even more significant. Before decontamination, only 6% of the specimens had plate counts of less than 25 colonies, and 58% produced counts greater than 200; however, after decontamination, the plate counts with less than 25 colonies increased severalfold with a concurrent decrease in plate counts greater than 200. Decontaminated specimens inoculated on selective 7H10 agar demonstrated the greatest reduction of bacterial colonies. Although the study did include 84 positive specimens, no single medium recovered all organisms; this accounts for the variation in the number of positive specimens found in Fig. 4 .
The sensitivity and detection capabilities of the various combinations of plate and broth media are presented in Fig. 5 and 6 . For the slowly growing mycobacteria (Fig. 5) , the use of non-decontaminated specimens with selective 7H10 agar and decontaminated specimens with 7H12 BACTEC broth provided maximum test sensitivity (100%) and very early detection of mycobacteria (67% after 7 days incubation). These specimen processing-media combinations also provided excellent recovery and early detection of the rapidly growing mycobacteria; however, a number of other specimen processing-media combinations also provided good results. Since the contamination of broth medium often results in the failure to recover mycobacteria from clinical material, it is highly advisable to include an agar medium as part of the test on October 26, 2017 by guest http://jcm.asm.org/ Downloaded from by the previously described methodology, and all 110 specimens were both smear and culture negative. Due to the financial and workload constraints, it was not feasible to continue studying this type of specimen. As a result, only FAS-positive specimens were evaluated.
It is imperative when processing specimens containing mycobacteria that the decontamination procedure be controlled carefully to avoid the loss of significant numbers of mycobacteria. This problem appears particularly serious in the recovery of MOTT bacilli. If a specimen is found to be highly contaminated, it is advisable to obtain a fresh specimen rather than subjecting the sample to extensive decontamination, which may render any mycobacteria present nonviable. If it is necessary to process such specimens, it would be advisable to include one or more nonselective Middlebrook series Tween broths to aid in the recovery of impaired mycobacteria.
The BACTEC radiometric system has proven to be a significant advancement for a variety of routine clinical microbiological procedures. The emerging BACTEC mycobacteria methodology also appears to have similar promise. This system has demonstrated the ability to rapidly detect mycobacteria in clinical specimnens, and when employed in conjunction with the appropriate plate media, maximum recovery of mycobacteria may be anticipated.
